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cDivision of Cardiology, Department of Medicine, McMaster University, Hamilton, Ontario, CanadaAbstractPurpose: To evaluate the prevalence, clinical significance, interobserver agreement, and follow-up of extracardiac findings on coronary
computed tomographic angiography (CTA).
Methods: A prospectively recruited cohort of 80 patients at low to intermediate risk of having coronary artery disease underwent CTA with
field of view imaging from lung apices to upper abdomen. Two staff radiologists read each scan independently. Scans read by reader no. 1
were read as part of routine clinical practice, and the findings were subsequently reclassified to potentially significant, as defined by requiring
clinical or radiologic follow-up, and insignificant by a separate observer, whereas reader no. 2 retrospectively read and autonomously
classified the findings as potentially significant or insignificant.
Results: Reader no. 1 found 7 potentially significant findings in 7 patients and 33 insignificant findings in 29 patients. Reader no. 2 found 10
potentially significant findings in 10 patients and 59 insignificant findings in 42 patients. Inter-rater agreement was moderate (kappa ¼ 0.49;
95% confidence interval, 0.31e0.67) for the presence vs the absence of extracardiac findings and moderate (kappa ¼ 0.52; 95% confidence
interval, 0.15e0.89) for the presence of potentially significant extracardiac findings. The most common potentially significant finding was
possibly malignant lung nodule (n ¼ 6 [reader 1], 4 [reader 2]). Four patients with potentially significant findings received follow-up imaging,
and 1 patient underwent biopsy, which was complicated by pneumothorax. No diagnoses of malignancy were made.
Conclusions: Extracardiac findings are frequent and moderately reproducible, however, in this study, not associated with clinical benefit.
Large prospective studies are required to establish whether reporting of extracardiac findings is associated with improved patient outcomes.Re´sume´Objet: E´valuer la pre´valence, la signification clinique, la concordance interobservateur et le suivi des trouvailles extracardiaques lors d’une
angiographie des coronaires par tomodensitome´trie (coro-CT).
Me´thodes: Une cohorte raisonnablement repre´sentative de 80 patients pre´sentant un risque faible a` interme´diaire de coronaropathie ont subi
une TDM couvrant les apex pulmonaires jusqu’a` la partie supe´rieure de l’abdomen. Chaque examen fut interpre´te´ par deux radiologistes de
manie`re inde´pendante. Les examens interpre´te´s par le radiologiste nume´ro 1 ont e´te´ lus dans le cadre de la pratique clinique courante. Les
trouvailles furent classe´es par la suite par un observateur distinct comme e´tant potentiellement importantes, c’est-a`-dire ne´cessitant un suivi
clinique ou radiologique, ou ne´gligeable. Le radiologiste nume´ro 2 a lu de manie`re re´trospective les examens et classe´ par lui-meˆme les
trouvailles comme e´tant potentiellement importantes ou ne´gligeables.
Re´sultats: Le radiologiste 1 a classe´ 7 trouvailles comme potentiellement importantes chez sept patients et 33 trouvailles comme ne´gligeables
chez 29 patients. Le radiologiste 2 a classe´ 10 trouvailles comme potentiellement importantes chez 10 patients et 59 trouvailles comme ne´gli-
geables chez 42 patients. La concordance interobservateur e´tait mode´re´e relativement a` la pre´sence ou a` l’absence de trouvailles extracardiaques
(kappa ¼ 0,49; intervalle de confiance de 95 %, 0,31 a` 0,67), et mode´re´e en ce qui concerne la pre´sence de trouvailles extracardiaques poten-
tiellement importantes (kappa ¼ 0,52; intervalle de confiance de 95 %, 0,15 a` 0,89). La trouvaille potentiellement importante la plus fre´quente
e´tait un nodule pulmonaire possiblement malin (n¼ 6, 4). Quatre patients dont les trouvailles e´taient potentiellement importantes ont be´ne´ficie´* Address for correspondence: Tej Sheth, MD, Co-Director, Cardiac CT,
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287Extracardiac findings in CT angiography / Canadian Association of Radiologists Journal 61 (2010) 286e290d’un examen de suivi, et un patient a subi une biopsie, qui a e´te´ complique´e par un pneumothorax. Aucun diagnostic de malignite´ n’a e´te´ fait.
Conclusions: Les trouvailles extracardiaques sont fre´quentes et mode´re´ment reproductibles; cependant, dans cette e´tude, elles ne sont pas
associe´es a` des avantages cliniques. Des e´tudes prospectives d’envergure sont ne´cessaires afin d’e´tablir si la description des trouvailles
extracardiaques est be´ne´fique pour les patients.
 2010 Canadian Association of Radiologists. All rights reserved.
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Introduction angiography in our patient population [7]. Patients wereCardiac computed tomographic angiography (CTA)
represents a noninvasive method to visualize coronary
anatomy. Unlike invasive angiography, CTA offers the
possibility to detect noncardiac abnormalities from the same
image acquisition. Previous studies on unselected patients
found that incidentally detected findings are common and
also found serious pathology, including cancer [1].
Low-to-intermediateerisk patients are a primary target
for evaluation by CTA, because they have a lower pretest
likelihood of having significant coronary disease, and
a negative CTA result may be useful in ruling out disease
[2,3]. A potential added benefit of CTA in these patients is
the detection of noncardiac findings, which may provide an
alternate explanation for their symptoms. However, a poten-
tial downside of using CTA in low-to-intermediateerisk
patients is the frequent detection of incidental findings that
may lead to follow-up imaging, with uncertain clinical
benefit and possible harm from further invasive testing (eg,
biopsy). Moreover, different readers may not agree about the
presence or clinical significance of such incidental findings.
Inter-rater agreement has been the subject of much debate in
chest radiography and has recently garnered attention in the
context of cardiac CTA [4e6].
We sought to determine the prevalence of potentially
significant and insignificant noncardiac findings, assess
interobserver agreement, and document subsequent clinical
follow-up in a prospectively defined cohort of low-to-
intermediateerisk outpatients with chest pain referred for
invasive angiography that also underwent CTA.Materials and MethodsStudy ParticipantsOutpatients referred to our hospital for invasive angiog-
raphy who were at low to intermediate risk for coronary
artery disease were recruited to undergo CTA. Eligible
patients possessed 0, 1, or 2 of the following risk factors: age
 65 years old, high-risk stress nuclear test, previous
myocardial infarction (MI), previous coronary artery bypass
graft surgery (CABG), diabetes, left ventricular ejection
fraction (LVEF) <35%, Canadian Cardiovascular Society
(CCS) class 3 or 4, >2 antianginal agents. These risk
assessment criteria have been prospectively validated to
predict obstructive coronary artery disease at invasiveexcluded if they had a creatinine >120 umol/L (reference
range, 60e115 umol/L), a known contrast allergy, atrial
fibrillation, asthma, were pregnant or morbidly obese
(>300 lb). The study was approved by the university’s
research ethics board and conformed to Health Insurance
Portability and Accountability Act (HIPAA) regulations.
Eligible patients provided written informed consent.CT Coronary AngiographyImaging was performed on an Aquilion 64 Detector
Scanner (Toshiba Medical Systems, Tokyo, Japan). Patients
were pretreated with PO/IVmetoprolol (to achieve a heart rate
<65 beats per minute), and all patients were given 0.6 mg of
sublingual nitroglycerin before scanning. Extended field of
view scans of the thorax were acquired before contrast
administration from the thoracic inlet to the base of the dia-
phragms by using 3-mm slice collimation, 500 ms gantry
rotation time, tube voltage 120 kV, and dose-modulated
milliamperes. Standard postprocessing algorithms were used
to reconstruct the data set into soft-tissue and lung algorithms.
A retrospectively electrocardiogram gated contrast-
enhanced CTA was performed with 64  0.5-mm slice
collimation, tube rotation time of 400e500 ms (as deter-
mined by heart rate), tube voltage of 120 kV, and tube current
of 350e500 mA, depending on patient size. Automated
detection of peak enhancement in the descending aortic arch
was used for timing of the scan. Contrast agent (Isovue 370;
Bracco Diagnostics, Princeton, NJ) was injected via periph-
eral intravenous at a rate of 5e6 mL/s, with the total amount
administered tailored individually according to the length of
the scan (typically 70e90 mL in total). A half-segment or
multisegment reconstruction algorithm, depending on patient
heart rate, was used. Standard reconstructions with 0.5-mm
slice thickness and 0.3-mm increment were performed at
75% of the R-R interval, with additional reconstructions
performed as required to resolve motion artifacts.Image InterpretationAxial data sets were transferred to a workstation (Vitrea 2;
Vital Images, Plymouth, MN) for postprocessing and
subsequent evaluation. Potentially significant extracardiac
findings were defined as abnormalities that, in the judgement
of the radiologist, required additional clinical or radiologic
follow-up [8,9]. Any other noncardiac findings were
Table 2
The number of potentially significant and insignificant extracardiac findingsa
Reader no. 1 Reader no. 2
Potentially significant finding
Lung
Suspicious pulmonary nodule 6 4
Pulmonary fibrosis 0 1
Liver
Indeterminate lesions 1 1
Kidney
Indeterminate lesion 0 3
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routine clinical practice, by a staff radiologist (M.L.E.).
Extracardiac findings that were identified on the initial
clinical read were then retrospectively classified as signifi-
cant or insignificant by a separate observer (V.V.). Subse-
quently, a second staff radiologist (D.J.L.), who was aware of
the purpose of the study but unaware of the findings of the
original reports, independently and retrospectively read the
same studies for presence of potentially significant and
insignificant extracardiac findings.Adrenal
Indeterminate lesion 0 1
Insignificant findingData Analysis
Lung/mediastinum
Benign nodule/granuloma 8 11
Bulla 3 3
Pleural plaques 1 2
Atelectasis/scar 0 2
Lymph nodes 0 2
Kidney
Cyst 5 9
Calculi 3 4
Atrophy 1 1
LiverData were analysed by using descriptive statistics. The
kappa statistic was used to assess inter-rater agreement
regarding (1) complete agreement on the presence of
extracardiac findings on a per patient basis, and (2) the
presence of a significant finding on a per patient basis [10].
The latter analysis was restricted to patients where there was
complete agreement between both radiologists regarding the
presence of extracardiac findings.Cyst 4 4
Fatty infiltration 2 5Follow-up for Significant Findings
Gallbladder
Calculi 1 2
Spleen
Granuloma 1 4
Vascular
Anatomic variant 1 2
Ectatic/atheroma aorta 0 2
Gastrointestinal
Hiatus hernia 1 1
Adrenal
Adenoma 2 3
Total 40 69
a Reader no. 1 read the scans as part of routine clinical practice, and
the findings were subsequently reclassified as potentially significant or
insignificant by a separate observer, whereas reader no. 2 read the scans
retrospectively and classified findings as significant or insignificant.We retrospectively determined follow-up for significant
findings (as determined for reader no. 1) by examining
patient clinical records at our hospital and by direct
communication with the patient’s referring physician or
family physician when follow-up information was unavail-
able from hospital records. CTA studies were acquired from
October 2005 to April 2007. Retrospective follow-up was
performed up to April 2008.
Results
Eighty patients were recruited for the study. Patient
demographics are given in Table 1. Twenty-four patients
(30%) had symptoms suggestive of cardiac chest pain, 31
(39%) had atypical chest pain, and 25 (31%) had nonanginal
chest pain. Seven patients (9%) were smokers.
Reader no. 1 found 7 potentially significant findings in 7
patients (9%) and 33 insignificant findings in 29 patients
(36%). Reader no. 2 found 10 patients (13%) with 10Table 1
Patient demographics (n ¼ 80)
No. %
Female 37 46
Symptom type
Typical angina 24 30
Atypical angina 31 39
Noncardiac chest pain 25 31
Risk factors
Diabetes 8 10
Family history 46 58
Hypertension 43 54
Dyslipidemia 52 65
Smoker 7 9potentially significant extracardiac findings and 59 insignif-
icant findings in 42 patients (53%). The most common
potentially significant finding was suspicious pulmonary
nodule for both readers (6 vs 4), whereas the most common
insignificant findings were benign lung nodules and hepatic
cysts. The distribution of potentially significant and insig-
nificant extracardiac findings is given in Table 2.
The inter-rater reliability for the presence of an extrac-
ardiac finding was kappa ¼ 0.49 (95% confidence interval,
0.31e0.62), which indicated moderate agreement (Table 3)
[11] . When both raters agreed that a finding was present,
there was moderate agreement regarding its significance
(kappa ¼ 0.52; 95% confidence interval, 0.15e0.89)
(Table 4). A finding in which both readers agreed upon
significance is shown in Figure 1 and a finding with
discrepant agreement on significance is shown in Figure 2.
Four of 7 patients with potentially significant findings on
initial read had follow-up imaging, whereas the remainder
had no documented follow-up imaging. Patient no. 1 had 2
Table 3
Presence or absence of any extracardiac finding by number of patients
Reader 2
Extracardiac finding Present Absent
Reader 1 Present 32 4
Absent 17 27
Figure 1. An example of a typical potentially significant finding of suspi-
cious nodule that was agreed upon by both readers.
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confirmation of benign liver lesions, patient no. 3 had
2 positron emission tomographies, and patient no. 4 had
a biopsy that was complicated by a pneumothorax and
then underwent a positron emission tomography. None of
the findings in our study provided alternative explanations
for chest pain. No diagnosis of cancer was made during
follow-up for any of the patients with potentially significant
extracardiac findings.
Discussion
The purpose of our study was to examine the prevalence
and clinical significance of extracardiac findings, assess
interobserver variability, and document follow-up in
a prospectively recruited cohort of outpatients who were at
low to intermediate risk of having significant coronary artery
disease. Our findings indicate that the prevalence of poten-
tially significant extracardiac findings, defined as those
requiring further clinical or radiographic follow-up, was
between 9% and 13%, with moderate reproducibility, but
was not associated with clinical benefit.
Previous studies found the prevalence of potentially
significant extracardiac findings on CTA to be 4.8%, 5%,
11%, and 22.7% [8,12e14]. Our prospective study specifi-
cally concentrated on low-to-intermediateerisk patients,
which are one of the main subsets of target populations for
CTA, whereas previous prospective studies focused on
patients referred for CTA for all indications. Our findings
indicated results most similar to those of Kirsch et al [14].
We found no increase in the number of extracardiac findings
despite a high proportion of patients having ‘‘noncardiac’’
chest pain. The predominant extracardiac finding in our
study was suspicious pulmonary nodule.
Our results indicated that there is moderate inter-rater
reliability for the presence of extracardiac findings and on
the significance of a finding when both readers agree on its
presence. The most common potentially significant and
insignificant finding was pulmonary nodule. Our results
underscored the difficulty in interpreting the significance ofTable 4
The presence or absence of potentially significant extracardiac findings by
number of patients when both readers agreed that an extracardiac finding
was present
Reader 2
Significance of finding Significant Insignificant
Reader 1 Significant 4 3
Insignificant 2 23pulmonary nodules for cancer detection. Previous larger CT
nodule detection studies also showed variability in the inter-
rater reliability of pulmonary nodule detection [6,15]. Our
study extends this concept to extracardiac findings on cardiac
CTA and show results most in keeping with a recent study by
Gierada et al [16], which showed moderate to substantial
agreement among raters in lung scans read with 2.5-mm slice
collimation. Differences in interobserver agreement was
previously found in measurement of nodules; furthermore,
there is also variability in definitions of positivity wherebyFigure 2. An example of a finding of right subpleural nodule that was
potentially significant in the opinion of 1 reader but not the other reader.
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screening studies [17e22].
The potential benefits of interrogating extracardiac struc-
tures include finding alternative explanations for chest pain
and the possibility of detecting early malignancy. In our series,
interrogation of extracardiac structures did not reveal alter-
native explanations for chest pain. Screening for malignancy
remains a controversial topic. The benefits of early, possibly
life-saving nodule detection are tempered by high rates of
false-positive results that may lead to increased patient anxiety
and unnecessary and sometimes invasive testing. In our study,
none of the patients whowere suspected of havingmalignancy
were found to have cancer, and 1 patient underwent a biopsy
that was complicated by pneumothorax.
Our study had several limitations. The main limitation was
the relatively modest sample size, which made drawing firm
conclusions difficult; however, our study is similar in number
to several other studies and serves to add to the growing
number of studies that address extracardiac findings by CTA.
Furthermore, our patient population was specifically selected
to encompass symptomatic low-to-intermediateerisk patients,
which are one of the main target populations for noninvasive
interrogation of the coronary arteries. Extended field-of-view
images were acquired without contrast enhancement, whereas
the contrast-enhanced scan focused on the heart. This may
have caused underdetection of pathology for which intrave-
nous contrast is necessary, such as distal pulmonary emboli
and aortic disease. However, our method of reconstruction
represents a common method of image acquisition for cardiac
CTA in clinical practice. Our inter-rater reliability statistic was
biased because 1 reader read the study prospectively during the
course of routine clinical practice, whereas the other read
retrospectively; however, the second reader had no knowledge
of the original reports of any of the examinations. This may
have caused an underestimate of the inter-rater reliability for
all findings, because reader no. 1may have chosen not to report
some findings that were thought to be clearly insignificant,
whereas reader no. 2 may have overreported findings;
however, this bias would not be expected for significant find-
ings. Finally, we retrospectively acquired follow-up data. We
believe this method to be accurate; however, it is possible that
information may be incomplete, because all reports regarding
follow-up may not have been adequately communicated.
In summary, our study found a high prevalence of
extracardiac findings, with between 9%e13% significant
incidental findings and moderate inter-rater reliability;
however, none of these potentially significant findings were
associated with clinical benefit. Large prospective studies are
required to establish whether or not reporting of extracardiac
findings is beneficial to patient management.
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